ABSTRACT Terminal Pleistocene and Early Holocene sites on California's Channel Islands provide evidence for early maritime activity, including the use of seaworthy boats. Numerous early shell middens have been identified, but specific information on the maritime peoples who occupied them is limited. Our research at CA-SMI-608, a roughly 9,500-year-old shell midden on San Miguel Island, produced a relatively large assemblage of bifaces and other chipped stone artifacts, shell beads, worked bone, and well-preserved faunal remains. Food remains are dominated by mussels, abalones, and other shellfish from the rocky intertidal, but fish, sea mammal, and sea bird remains were also recovered. These data provide a detailed view of early maritime activities along an arid coastline previously considered marginal to human settlement.
R
ECENTLY, A GREAT deal of interest has focused on the Pacific Coast of North America as a potential migration route for some of the first people to enter the Americas. This attention has been drawn, in part, by the increasing antiquity of maritime adaptations around the Pacific Rim (Dixon 1999; Erlandson 2002; Fedje et al. 2004) , including evidence that California's Channel Islands were settled by Paleocoastal peoples between 13,000 and 12,000 calendar years ago (Erlandson et al. 1996; Johnson et al. 2002) . Numerous Channel Island shell middens have been radiocarbon ( 14 C) dated between about 12,000 and 8,000 calendar years B.P., testifying to the existence of an early maritime cultural tradition (Cassidy et al. 2004; Erlandson 1994; Erlandson and Moss 1996) . Few of these sites have been systematically investigated or reported on, however, leaving major gaps in our knowledge of the adaptations and technologies of the maritime peoples who produced them. Although early island economies are thought to have focused on shellfish gathering, marine fishing, and hunting, only limited amounts of technological and faunal data from a few sites have been marshaled to support this view (see Erlandson et al. 2004; Erlandson et al. 1999; Porcasi et al. 2000; Rick et al. 2001) . We recently identified and sampled a 9,500-year-old site, CA-SMI-608, located on the south coast of San Miguel Island-an area thought until recently to be largely devoid of human settlement. Our research at the site confirms the Paleocoastal subsistence patterns found elsewhere on the Northern Channel Islands but provides details on the structure of the economy of these early maritime peoples and the utilitarian and ornamental technologies they used. This is currently one of the largest and most diverse Paleocoastal artifact assemblages from the Pacific Coast of North America.
BACKGROUND
San Miguel, the westernmost of the Northern Channel Islands, lies approximately 42 kilometers off the Santa Barbara Coast (Figure 1) .
1 During the last glacial, it formed the western end of the much larger Santarosae Island (Juger and Johnson 1980; Orr 1968) . San Miguel changed dramatically over the past 12,000 years as rising sea levels submerged the lowlands of Santarosae and the modern geography of the island gradually emerged. Today, the 37-square-kilometer island is dominated by tablelands, raised marine terraces, rolling hills, and shifting dunes. The terrestrial flora and fauna are relatively impoverished, but strong upwelling and extensive kelp forests support a diverse and productive marine ecosystem. San Miguel has a mild, semiarid climate, with strong winds, coastal fog, and limited precipitation that falls primarily from December to May. Freshwater sources are limited, especially during the dry season.
Historically, the Santa Barbara Channel area was occupied by the Chumash Indians, who developed a complex and sophisticated maritime society, lived in numerous large villages and towns led by hereditary chiefs, and had extensive craft-specialization and trade networks (Arnold 2001; Kennett 2005) . The largest sites on San Miguel are found along the north coast, where several freshwater springs attracted settlement by the Chumash and their ancestors for millennia. After David Banks Rogers (1929) reported little evidence for human settlement in the area, the south coast was thought to be largely uninhabited. Recent surveys have shown otherwise, as numerous sites have been found eroding from gullies dissecting the coastal plain (Braje et al. 2005) . One of these sites is CA-SMI-608, a buried shell midden exposed in an arroyo complex about one kilometer east of Crook Point. Today, the site is located near the northern margin of a narrow coastal plain, about 200 to 250 meters from the coast. Comparing postglacial sea level curves (Inman 1983 ) with bathymetric charts, however, suggests that when it was occupied CA-SMI-608 was probably located roughly 300 to 500 meters further from the coast. A steep escarpment rises just north of the site, providing some protection from strong northwest winds that batter the island most of the year. Freshwater springs are also found near the base of this escarpment and may have prompted early maritime peoples to camp some distance from the contemporary coast.
SITE STRUCTURE AND AGE
CA-SMI-608 is exposed primarily in a gully system in which intact site deposits extend for at least 30 meters north-south and 25 meters east-west. Two gullies divide the site into eastern, central, and western areas, and a low-density midden soil is also exposed in another gully about 50 meters to the west. Surface reconnaissance suggested that the site contained mostly rocky intertidal shellfish remains, small amounts of fish and mammal bone, and numerous chipped stone artifacts. The shell midden, ranging from 10 to 40 centimeters thick, formed in a well-developed paleosol buried 1.5-2.0 meters below the surface. Overlying the midden is a thick yellow-brown cummulic soil formed in sediments that appear to be derived primarily from the steep, eroded slope to the north. No archaeological materials have been found in the overlying strata, suggesting that artifacts found on eroded surfaces at CA-SMI-608 can be safely associated with the early midden. To sample the site contents, we used a combination of excavation and surface collection techniques. We excavated a 1.0-meter-long by 1.0-meter-wide test unit in the central site area, a 25-liter bulk sample (#1) from the gully wall in the eastern area, a 100-liter bulk sample (#2) from the gully wall in the western area, and a 1.0-meter by 1.0-meter unit adjacent to bulk sample #2. All excavated sediments were screened over 1/8-inch and 1/16-inch mesh, with screen residuals retained for detailed analysis. The excavated assemblage was supplemented by an intensive surface collection and limited screening of eroded slough deposits. Five 14 C dates on well-preserved marine shells define the site chronology. Two dates are from California mussel (Mytilus californianus) shells collected from a midden lens eroding from the gully wall in the eastern site area: A date of 8430 ± 80 R.Y.B.P. (Beta-180771) on a shell from the gully wall was obtained via conventional 14 C counting and a shell from Bulk Sample #1 was dated to 9200 ± 50 R.Y.B.P. (OS-44638) via accelerator mass spectrometry (AMS). The calibrated intercepts for these two dates (ca. 8700 and 9550 cal B.P.)-obtained using the CALIB program and a local correction for marine upwelling of −225 ± 35 years (see Stuiver et al. 1986; Stuiver and Reimer 1993) -are over 800 years apart and the age ranges do not overlap at one sigma. To help clarify the antiquity of the site, we dated a black abalone (Haliotis cracherodii) shell and an Olivella bead from Bulk Sample #2 in the western site area. Analysis of the abalone shell provided a conventional age of 9060 ± 60 R.Y.B.P. (Beta-199106) with a calibrated age of about 9430 cal B.P., and the bead was dated via AMS to 9070 ± 45 R.Y.B.P. (OS-48347) with a calibrated age of about 9500 cal B.P., respectively. Finally, a fragment of black abalone shell from the low density midden locus west of CA-SMI-608 produced an AMS date of 9270 ± 50 R.Y.B.P. (OS-48348), with a calibrated age of approximately 9750 cal B.P. Averaging the four older dates suggests that CA-SMI-608 was occupied roughly 9,600 years ago, whereas averaging all five dates results in an age of about 9400 cal B.P. Because evidence suggests that the local marine reservoir effect largely disappeared in the Santa Barbara Channel area during the Early Holocene (Erlandson et al. 1999; Kennett et al. 1997 ), these calendar ages may underestimate the age of the site by a century or two. Regardless, CA-SMI-608 is among the earliest shell middens known in North America.
TECHNOLOGY

Chipped Stone
We collected 78 chipped-stone artifacts from the eroded surface of CA-SMI-608, which was littered with a variety of tools and debitage. These surface artifacts include five bifaces, three biface preforms, five core tools, a hammer stone, 24 flake tools, five possibly utilized flakes, 33 pieces of debitage, one test block, and one cobble spall. Our excavations produced another 124 chipped-stone artifacts including a fragment of a large biface, two projectile point tips, one core, 11 flake tools, three possibly utilized flakes, 104 pieces of debitage, and two cobble spalls. These 202 chipped stone artifacts represent a variety of activities, including raw material procurement, core reduction, and the manufacture, use, and maintenance of formal and expedient tools. Although dominated by tool-making debris (70 percent) and expedient flake tools (roughly 21 percent), the 11 bifaces (see Figure 2 ) make up a relatively high percentage (5.5 percent) of the collection, especially for an Early Holocene assemblage from the California Coast. One biface from the site surface is an unusual example of a small, stemmed dart point with a triangular blade and barbed corners (Figure 2 ), similar to points found by Michael Glassow (n.d.) in an Early Holocene component on Santa Cruz Island.
All the chipped-stone artifacts appear to be made from rock types available in the larger Santa Barbara Channel region. Cobbles of igneous porphyry (39 percent) and quartzite (four percent) are found in San Miguel Island beach and marine terrace deposits as well as the steep escarpment north of the site. Cobbles of Cico chert (three percent) are found in geologic deposits on the northeast coast of San Miguel. No local sources of tool-quality Monterey chert (50 percent) have been found, and this material may come from the mainland. Artifacts made from Monterey chert and siliceous shale dominate a large Early Holocene assemblage from Daisy Cave, however, and it is possible that a local source exists somewhere on San Miguel or Santa Rosa island-or that such a source was exposed when sea levels were lower (Erlandson et al. 2004:86) . Finally, several tools also appear to be made from a chalcedonic chert from the east end of Santa Cruz Island about 75 kilometers east of CA-SMI-608. Although the site occupants were clearly familiar with the local island geography and geology, they also obtained raw materials by traveling to nearby islands and the mainland or trading with neighboring groups.
Bone Tools
Five worked-bone artifacts were recovered from the excavation of Unit 2 in the western site area. These include a fragment of a bipointed fish gorge made from bird bone, a small cylindrical and fully abraded midsection of a bone tool that may be part of a very small fish gorge, and three pieces of sawn or abraded bone fragments that represent debris from making bone tools. The fish gorge, similar to Early Holocene specimens recovered from Daisy Cave and Cave of the Chimneys (Rick et al. 2001; Vellanoweth et al. 2003) , is a simple form of fishhook that represents some of the earliest evidence for hook-and-line fishing in the Americas.
Shell Beads
We also recovered eight purple olive snail (Olivella biplicata) shell beads (Figure 2 ) and two Olivella shell fragments that may represent bead-making detritus. Seven of the beads, all large spire-removed specimens classified by James Bennyhoff and Richard Hughes (1987) as type A1c, came from Bulk Sample 2 and Unit 2 in the western site area. Made by grinding the spire off whole Olivella shells to allow for stringing, these beads are between 11.0-12.2 millimeters long and 6.9-7.5 millimeters wide. This narrow size range suggests that these beads may be from a single string or were made to be strung together. A much smaller spireremoved Olivella bead (type A1a) found in Bulk Sample 1 was 4.4 millimeters long and 3.0 millimeters wide. Olivella spire-removed beads are found in many Early Holocene sites along the southern California Coast, but the CA-SMI-608 specimens are among the oldest shell beads known from the Pacific Coast of North America (see Erlandson et al. 2005; Fitzgerald et al. 2005) .
FAUNAL REMAINS
CA-SMI-608 faunal samples include marine shell, land snail shell, and small amounts of fish, mammal, and other bone. The faunal remains described here were collected primarily from Bulk Samples 1 and 2. Unit 2 produced no vertebrate remains, and those recovered from the 2005 excavation of Unit 1 have yet to be analyzed. Faunal remains were well preserved in both bulk samples, but excavating them from the semi-indurated soil matrix broke many of the shells.
Shellfish Remains
We recovered and identified 7.6 kilograms of marine shell, including 1.7 kilograms from Bulk Sample 1 and 5.9 kilograms from Bulk Sample 2 (Table 1 ). The density of marine shell in these samples ranges from about 62-69 kilograms per cubic meter, and the site must have once contained thousands of kilograms of marine shell. Shellfish remains were identified to the most specific taxon possible, then quantified by weight and Minimum Number of Individuals (MNI). At least 16 shellfish taxa from rocky intertidal zones are represented, but California mussel dominates the assemblage, followed by black abalone. The other taxa represent either minor dietary contributors (owl limpet, turban snail) or incidental introductions to the midden (small acorn barnacles and limpets, tube worm, etc.).
Vertebrate Remains
Our surface reconnaissance and collections suggested that vertebrate remains were rare at CA-SMI-608, a pattern shared by many Early Holocene sites of the Santa Barbara Channel area. Our excavation samples confirmed the scarcity of vertebrate remains at the site, but laboratory processing of 1/16-inch screen residuals yielded small samples of fish, bird, mammal, and reptile or amphibian remains. The vertebrate remains from Unit 1 have not been completely analyzed, but Bulk Samples 1 and 2 produced just 147 fragments and 8.08 grams of animal bone (Table 2) including 132 fish bones (6.9 g), ten fragments of mammal bone (1.07 g), a single piece (0.01 g) of undifferentiated reptile or amphibian bone, and four pieces (0.1 g) of undifferentiated bone. Most of these small bone fragments could not be identified to specific taxa, but California sheephead (Semicossyphus pulcher), surfperch (Embiotocidae), and sculpin (Cottidae) were identified among the fish remains. Given the dearth of endemic land mammals, the mammal remains probably consist primarily of sea mammal bone. The reptile or amphibian bone is from a very small animal and may be a natural site constituent. Note: Based on 1/16-inch screen recovery; reptile and amphibian remains appear to be a natural site constituent. Dashes represent empty cells, indicating that no remains were found in a particular sample.
Dietary Reconstruction
We used the faunal remains from Bulk Samples 1 and 2 to estimate the edible meat yield represented by the dietary refuse. We considered a number of quantitative measures (number of individual specimens [NISP] , MNI, and weight), but the values reported here are based primarily on meat weight conversions (see Erlandson 1994; Glassow and Wilcoxon 1988) . These are subject to a variety of problems, but they provide a means to control for the dramatically different shell-or bone-to-meat ratios found among various molluscan and vertebrate taxa. The use of fine screens and the excellent preservation of the faunal remains suggest that the results are reasonable approximations of the edible meat represented in the excavated samples. Our dietary reconstruction suggests that the site occupants relied heavily on shellfish from rocky intertidal habitats, which provide over 90 percent of the edible meat represented in our faunal samples. California mussels and the larger black abalones each contribute about 43 percent of the edible meat yields, followed by fish (five percent) and owl limpets (four percent). Mammals provide less than one percent of the edible meat, but their economic significance may be underestimated because of the butchering of mammal carcasses off site. The high ratios of edible meat to shell or bone weight for abalone, fish, and owl limpets account for the dramatic increase in their dietary significance relative to mussels, which make up roughly 80 percent of the MNI represented in our faunal samples.
CONCLUSION
Terrestrial models for the peopling of the Americas have long suggested that land-based hunter-gatherers marched across the plains of Beringia, down a narrow "ice-free" corridor, and into the heartland of North America. Only later, according to such models, did these terrestrial peoples follow river valleys to coastal zones and gradually adapt to life by the sea. The colonization of New World landscapes probably did include terrestrial migrations, but Pleistocene voyaging around the Pacific and the presence of maritime Paleoindians along the Pacific Coast of North America hint that coastal migrations may have played a role in the early settlement of the Americas (Erlandson 2002) .
The fact that Paleocoastal peoples used seaworthy boats to colonize islands off the California Coast during the terminal Pleistocene adds to recent evidence for adaptive diversity among Paleoindian peoples. Despite the inundation and erosion of ancient shorelines by rising sea levels, over 25 shell middens or other sites (several with multiple components) between 12,000-and 8,000-years-old have been identified on the Northern Channel Islands. This widespread and well-developed Paleocoastal complex provides evidence for a very early commitment to maritime lifeways-including a heavy reliance on shellfish, fish, sea mammals, and seabirds as well as the use of boats, bifacial technologies, bone fish gorges, shell beads, and basketry and cordage made from sea grass.
CA-SMI-608 provides a rare and detailed glimpse of such Paleocoastal adaptations in a stratified and wellpreserved shell midden dated between about 9,700 and 9,300 years old. The faunal remains are dominated by abalones, mussels, and other rocky shore shellfish, but marine fish, sea mammal, and bird remains are also present. The relatively heavy emphasis on shellfish at CA-SMI-608 is similar to other early open coast and estuarine sites investigated on the islands or on the adjacent mainland coast, where shellfish also appear to have dominated the meat diet of early peoples (Erlandson 1994; Erlandson et al. 2004; Erlandson et al. 1999) . Marine fish, sea mammals, and sea birds were all exploited, but their economic significance seems to have been limited at most early sites.
The artifacts from CA-SMI-608 are more diverse and extensive than most other Early Holocene sites on California's Channel Islands, where only Daisy Cave and Eel Point (CA-SCLI-143) have yielded sizable tool assemblages (Cassidy et al. 2004; Erlandson et al. 1996; Rick et al. 2001) . Much more is known of Early Holocene assemblages on the adjacent mainland, which often contain numerous milling tools and hammer stones, large percentages of expedient core and flake tools, and abundant tool-making debris, but relatively few bifaces, bone gorges, or other formal tools (Erlandson 1994) . The lack of milling tools in early island sites is probably because of the scarcity of island plants that produce small edible seeds, whereas the dearth of bifaces and other formal tools in early island and mainland sites has been attributed to the heavy reliance on shellfish, which require little stone tool technology to gather and process (Erlandson 1994:262) . Just as an abundance of bone gorges and fish remains at Daisy Cave suggests that Paleocoastal peoples had a relatively sophisticated fishing technology (Rick et al. 2001 ) not represented at some specialized sites, the abundance of bifaces at CA-SMI-608 hints at a more sophisticated marinehunting technology and a greater reliance on sea-mammal hunting than is currently represented in the archaeological record. Clearly, however, maritime peoples colonized the Channel Islands and actively exploited a variety of marine habitats at a very early date. 
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